The interlaminar shear fatigue behavior of the * sheet molding compound SMC-R50 has been studied. A thick-laminate short beam shear test was employed to characterize S-N behavior for the material at 21°C and 90°C . The shear modulus (G ) was determined at xz 21°C and 90°C and the effect of fatigue on modulus at both test temperatures is discussed. SEM and optical photomicrographs of untested and fatigued specimens were studied to assess the relationship between material microstructure and the observed fatigue results for strength and modulus. The experimental evidence suggests that the fatigue life for this material is determined by a flow criticality failure mechanism, not cumulative damage.
In all composite systems the secondary properties often become design-critical parameters. Interlaminar properties which resist the cr , T and x interlaminar z xz yz stresses are the weakest link in the system. Interlaminar strength is controlled by matrix and fiber-matrix interface properties which are often several orders of magnitude less than the strength of the fibers. This inherent weakness of the matrix phase is compounded by environmental and fatigue sensitivity which can result in further degradation of the interlaminar properties.
Despite the importance of the interlaminar properties little work in characterizing them has been done for the plethora of materials in use today. This is due to the difficulty of experimentally characterizing interlaminar properties. The most widely used method for determination of interlaminar shear strength (ILS) is the short beam shear test (ASTM D2344-76).
Economics is the driving force behind the widespread usage of the short beam shear test, not the accuracy of the results. Several studies have focused upon assessing the validity of test results using the short beam shear test. Kellog and Sattar [1] and later Kedward [2] published works on the effects of test coupon geometry and anisotropy on the shear stress distributions and failure mode/strength in composites. If properly designed, the short beam shear test can provide test data sufficiently accurate to use as a comparative data base. This makes it a viable test method to use in the study of temperature and fatigue effects on ILS strength.
A scaled-up version of the short beam shear specimen was used by Pipes [3] to measure ILS modulus and strength for unidirectional boron epoxy, graphite epoxy and glass epoxy materials. The stress distribution in this thick specimen was analyzed using photoelasticity and finite element methods. In later work Pipes [4] characterized the fatigue behavior in unidirectional laminates of the same three materials using the thick-laminate short beam shear test method. The results indicate that ILS strength degrades much faster in fatigue than the axial properties.
Works by Owen and Morris [5] , Dharin [6] and Bevan [7] report similar findings for orthogonally cross-plied and unidirectional laminates of carbon fiber-reinforced plastic (CRFP). These works also investigated the effects of sizing agents, thermal aging and fiber volume fraction respectively on ILS strengths both statically and in fatigue. In summary, all of these results emphasize the sensitivity of the interlaminar properties to fatigue damage. Microstructural analysis [8, 9] reveals that matrix crazing and fiber-matrix disbonding are the primary forms of damage resulting from fatigue. This type of damage in turn results in the degradation of the critically low interlaminar properties.
All of the studies reported in the literature have dealt with continuous fiber composites. In this study the ILS behavior of a short fiber SMC was evaluated. The S-N behavior was characterized at ambient and 90°C temperatures using the thick-laminate short beam shear test method.
This enabled the measurement of modulus data at various points on the S-N curve which when coupled with SEM studies provided knowledge about the failure mechanism.
EXPERIMENTAL METHOD
The characterization of fatigue effects on strength and modulus in SMC-R50 was accomplished using the thicklaminate short beam shear test developed by Pipes [3] .
Initially static tests were used to verify the test technique and provide baseline data for the fatigue studies. Specimens were subjected to sinusoidal loadings over a spectrum of stress levels to develop fatigue life (S-N) curves at 21°C and 90°C. Modulus measurements and scanning electron microscopy (SEM) were used to analyze the failure mechanism. were then made on specimens tested to varying percentages of their fatigue life.
Microstructural Studies
Microstructural damage in specimens subjected to fatigue loading was examined using a Phillips PSEM 501 scanning electron microscope. Cross sections were removed from the quarter span region of an untested control and failed for each S level and test temperature.
The samples were prepared using standard polishing procedures and then the surfaces were gold coated by sputtering. A thorough inspection of each specimen was made at a 320X magnification and details were examined by using 640X magnification.
Flexural Strength Tests
The thickness of the SMC-R50 panel used in fabrication of the test specimens invoked concern over the uniformity of material properties through the thickness. Exothermic reactions take place during curing of thick sections which could lead to a difference between properties along the midplane and outer surfaces. Twenty-six samples were sectioned lengthwise to produce flexure bars with material from the center region on one of the surfaces.
Half of the specimens were tested in flexure with material from the center region in tension and the other half with the outer surface material in tension. Any significant difference in the material properties would result in a difference in flexural strength.
RESULTS AND DISCUSSION

Static Interlaminar Shear Strength
The static test results reported in Tables 1 and 2 form the data base to be used for comparison of the fatigue data. The mean ILS strength for the SMC-R50 at 21°C computed from Table 1 
Flexural Strength Results
Results from the flexural strength tests were designed to evaluate the through-the-thickness material properties are shown in Table 3 The data is presented as S-N fatigue life curves for specimens cycles at a constant stress amplitude ratio of 0.1 (R=0.1). In Figure 4 the S-N behavior of SMC-R50 at room temperature shows that the endurance limit extrapolates to approximately 62 percent of the ultimate shear strength. At 10 cycles the fatigue strength approaches approximately 64 percent of the static ultimate shear strength. The specimens tested at the 53% and 44% levels ran out at 10 cycles. Residual strength tests revealed g that after 10 cycles in fatigue at these two S levels the average shear strength was 96 percent of the average static ultimate.
A similar S-N representation of the fatigue behavior of SMC-R50 at 90°C is shown in Figure 5 . The large amount of scatter in data prohibits accurate extrapolation to determine an endurance limit. The endurance limit is greater than 45% of the average static ultimate strength but less than 50%. At 90°C the strength degradation is more rapid and more severe than at R.T. Samples tested at the 45 percent S level endured 10 cycles and were tested for residual strength. The average residual strength of these specimens was 80% of the average static ultimate shear strength. The significance of the residual strength measurements becomes apparent when considered in connection with modulus data and microstructural studies discussed later. Optical micrographs of the typical cracks in the failed specimens were similar to the one shown in Figure   9 . The crack cleavage plane followed the boundary be- 
